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P R E F A C E
Modern aquaculture is a new science and industry although traditional 
in origin. In the past f if teen  years aquaculture production shows a steady 
increase from 5 million m e tr ic  tonnes (1973) to  14.5 million m etr ic  tonnes 
(1988). In future an increase in the population coupled with an increase 
in percap ita  consumption will definitely culm inate  in the intensified effort 
to increase aquaculture production. In this context prawns are very 
important as a candidate species for culture and foreign exchange earner 
for a developing country like India. In order to achieve a reliable 
mechanism for production in future , a thorough understanding of the cultured
animal is necessary. In prawns the most im portan t event occurring through1
out its  life  cycle is moulting, which is a mechanism for grow th. Prawns 
like most other crustaceans are ensheathed in a thick o u te r  covering 
called exoskeleton. The presence of this rigid exoskeleton limits the 
growth of this animal, which is solved by the  periodic shedding of the 
exoskeleton followed by the secretion of new ones.
The exoskeleton of prawn is a rigid calcareous s truc tu re . Its basic 
s tructu re  consists of a thin outer most layer of lipo-proteinous epicuticle 
followed by a procuticle. A single layer of epidermal cells lie beneath 
the procu tic le . The epicuticle  is further divided into an ou te r  thin layer 
and an inner tanned, thick layer. The proeuticle has a preecdysal and 
post ecdysal layer, secreted  before and a f te r  ecdysis, respectively. The
preecdysal layer which is the  outer tanned layer of procuticle is also 
called the exocuticle. The postecdysal layer which is known as endocuticle, 
consists of an outer calc ified  principal layer and a thick uncalcified 
membraneous layer. Extensions of the epidermal cells vertically pass 
through the pore canals of the cuticle. A basement layer lies under 
the epidermis. Obviously the  epidermis is responsible for the  secretion 
of epicuticle , procuticle and the  moulting fluid.
The process of moulting can be divided into three s tages  namely 
premoult, intermoult and postmoult. During premoult, the epidermal 
cells, ac t iva ted  by hormones enlarge in size and s ta rt  synthesis of cuticular 
components. At the same tim e separation of the exoskeleton from the 
body occurs by the dissolution of the membraneous layer of the old exoske­
leton. The epidermis then sec re tes  epicuticle and exocuticle and shrinks 
to normal size by the time of ecdysis. A fte r  ecdysis the epiderm is synthe­
sizes endocuticle, which is completed by the secretion of the membraneous 
layer. In the following interm oult stage the  animal p repares for the 
next moult. The newly moulted animal with a flexible exoskeleton increases 
in size by water^in  take. This is followed by hardening of the cuticle.
The exoskeleton of a newly moulted prawn will be soft  and pale 
in colour, but becomes harder over a period of some hours. This hardening 
process s ta r t in g  from the inner epicuticle and proceeding inwards to the 
exocuticle is called sclero tization. In the sclerotization process, quinones 
of the tyrosine metabolism rea c t  with the free  amino groups of the
structural proteins of the cuticle called Arthroidin, to give structures 
cross -  linked with covalent bonds. The quinones are formed from the 
o-dihydric phenols by the action of o-dihydroxy phenol oxidase. It has 
also been found that in the tyrosine metabolism conversion of tyrosine 
to the final substrate of the enzyme phenol oxidase is tr iggered  by the 
moulting hormone ecdysone. It also removes the inhibition of the phenol 
oxidase enzyme. So it can be concluded th a t  hardening of the new cuticle 
is in itia ted  by phenol oxidase enzyme which in turn is influenced by 
ecdysone.
It is difficult for the newly moulted prawns to survive with the 
soft exoskeleton unless the hardening takes place immediately after  the 
swelling of the body by w a te r  intake. This may be one of the  reasons 
for the high death rate during moulting. In this context the "soft prawn 
syndrome" in the prawns deserves special mention. In large  numbers 
indicus is found to be a ffec ted  by it in the  culture system . In this 
disease, the softening of the exoskeleton followed by secondary pathogenic 
infection results  in high m orta lity .
Apart from moulting, reproduction is another biologically important 
event in the life history of prawns. In prawns which come under subclass 
Brachyura reproduction and growth are programmed as antagonistic events. 
The in ter  moult period is long enough to accom odate one or more reprodu­
ctive cycles. In most verteb ra tes , the ovary plays a dual role in that
it produces egg and also secre tes  certain ti«i»rnnones. Evidence is accumu­
lating tha t  crustacean ovary also might play a role as an endocrine gland. 
Hence an a ttem p t has been made to understand the enzyme phenol oxidase 
by studying its characterization, the enzyme expression in the case of 
soft prawns and the e ffec t  of moulting and some of the reproductive 
hormones on its biosynthesis.
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1. I N T R O D U C T I O N
1.1. Occurrence and Characterisation of Phenol Oxidase Enzyme:
O-diphenol oxidase (E.G. 1.10.3.1) is interchangeably known as catechol 
oxidase, tyrosinase, catecholase, polyphenol oxidase, phenol oxidase and 
phenolase. Non-arthropod catechol oxidases associated with quinone- 
tanning have been partially purified and characterised mainly from marine 
mussels Mytilus edulis and Geukensia demissa where they occur in both 
the byssus and periostracum (Waite and Wilbur, 1976; Waite, 1985).
Smyth (1954) has histochemically demonstrated phenol oxidase in 
the egg shell formation in helminthes and byssus formation in mytillus. 
Phenol oxidase from the liver fluke Fasciola hepatica and the effect of 
serotonin on it has been reported by Mansour (1958). Presence of phenolase 
in the metacercarial cyst of Fasciola has been reported by Campbell 
(1960). Phenol oxidase in schistosomes has been reported by Seed £t 
ah, (1978) and Seed and Bennet (1980). Nellaiappan (1989) have
studied the properties of phenol oxidase in Fasciola gigantica. The phenol 
oxidase of Fasciola was found to catalyse the oxidation of different phenol 
derivatives, such as tyramine (4-hydroxyphenyl ethyl amine), 3-hydroxy 
tyramine, 1-epinephrine, tyrosine and catechol. The liver fluke enzyme 
was found to oxidise 1-epinephrine at a much higher rate than the phenol 
oxidase from Harding-passey mouse melanoma. Boiling the enzyme
preparation for 1 tnin caused inactivation of the enzyme. Dialysis of 
the enzym e preparation overnight did not reduce enzyme activ ity , indicating 
the absence of any dialysable cofactors. It was found that reac tion  mixtures 
were red a f te r  incubation with epinephrine and black a f te r  incubation 
with tyramine, hydroxy tyram ine and DOPA indicating adrenochrome for 
epinephrine and probably melanin for o ther compounds (Mansour, 1958).
In molluscs phenol oxidase is reported in the periostracum of 
Modiolus demissus (Waite 1976), in the  foot of Perna virdis (Bharathi
^ . ,  1983), in the mantle of the snail, Ashatina ulica (Nellaiappan et al., 
1989) and in mussels (Rzepecki ei  ^ 1991). Phenol oxidase ex trac ted  from 
Modiolus demissus can be chymotrypsically activated. Molecular weights 
were 80,000 and 70,000 daltons for the proenzyme and ac t ive  enzyme
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respectively. Optimal pH was of 8.0 -  8.5 apd adding copper chelators 
and reducing sulphide bonds was found to be diminishing the enzym e activity. 
In the fo rm er case, ac tiv ity  was restored by titra ting  the inhibitor with 
divalent copper. It had a low Km (Waite ^  ^ . ,  1976). Sam ata 
(1980) have reported a copper containing catechol oxidase in the  organic 
matrix of all the molluscan shells. This enzym e is water soluble in Musca 
(Hackman and Goldberg, 1967). An impure version of this enzyme was 
isolated from Calliphora erthyrocephla (Karlson and Libran, 1961).
In insects, role of phenol oxidase in the formation of ootheca 
in cockroach was reported by Brunet and Kent (1955), Kent and Brunet 
(1959), Pau and Acheson (1968), Pryor (1940a,b), Stay and Roth (1962).
The O-diphenol oxidase of fly larvae was reported  by Hackman and Goldberg 
(1967). Yamazaki (1969) observed an insoluble phenol oxidase in the cuticle 
Drosophila virilis, Bombyx mori and Pabilio xuthus. The enzyme from 
cockroach blood was prepared in an active form by Mills ^  (1968). 
Other reports  on insect phenol oxidase are  Preston ^  (1970), Pau.
(1975), Vincent ^  aL, (1979), Brunet (1980) and Kalyani ^  (1985). 
The larval haemolymph of Lucilia cuprina contains a prophenol oxidase 
which, when activated by euticular ex trac t, oxidises a wide range of 
phenols but is most active  on dopamine and 4-methyl alcohol (Hackman 
and Goldberg, 19ffi').
A range of marine invertebrates were screened for phenoloxidase
in the coelomic fluid ok haemolymph. The crustaceans and the  ascidian, 
iCiona intestinalis displayed the strongest ac tiv ity . The enzyme was found 
to be p resen t in most crustaceans (Smith and Seederhaell, 1991). Phenol 
oxidases occur in the blood of a number of crustaceans i.e., C ancer  pagurus 
Homarus vulgaris, Maia squinado and Uca pugnax (Bhagvat and Richter, 
1938; Pinhey, 1930 and Sumners, 1967). In [Jca and Cancer pagurus the 
changes in phenol oxidase a c t iv i ty  are correlated  with changes in epidermal 
metabolism (Decleir and Vercauteren 1965, 1967). Other reports on 
phenol oxidase in crustaceans a re  by Sumners (1967), Vacca and Fingerman 
(1975), Nellaiappan (1982, 1989), Thangaraj ah (1987).
The distribution and location of regions with maximum activity 
of Phenol oxidase was studied in different species of prawns by Antony 
and Nair (1968). The head juice and tail ex trac ts  were found to have
very high order of enzyme activity when connpared with cuticle and muscle. 
Penaeus indicus, Metapenaeus affinis and Metapenaeus monoceros recorded 
comparatively high enzyme activity than Parapenaeopsis stylifera and 
Metapenaeus dobsoni. Exposure to higher temperatures up to 55°C was 
shown to activate the enzyme. Effect of certain chemical agents on 
phenol oxidase was examined by Antony and Nair (1975). Phenol oxidases 
from pink and white shrimp was characterized and molecular weight deter­
mined by Simpson ^  (1988). The prophenol oxidase activating  system 
in ray fish has been studied by Masaaki Ashida and Kenneth Soderhall 
(1984).
1,2. Sclerotization
The three requirements for sclerotin formation are a tannable 
protein, an oxidase system and an ortho-diphenol which requires oxidation 
to 0 -quinone before reacting with the protein to harden and darken the 
exoskeleton (Pryor, 1940 a and b). Locke and Krishnan (1971) observed 
the oxidation of polyphenols tha t are secreted into presumptive exo and 
epicuticle to highly reactive quinones by phenol oxidase. The quinones 
then tan the chitin-protein complex of the exocuticle and lipo-protein 
of the epicuticle. The diphenol or tanning agent has several forms. 3, 
4-dihydroxy benzoic acid (Prayer ^  1940a)and 3, 4-Dihydroxy benzyl 
alcohol (Pau and Acheson, 1968) in the cockroch egg capsule. The cockroch 
colleterial glands, which are responsible for secretion of the egg capsule, 
contain N-aeetyl nonadrenalin in relatively small amounts (Brunet, 1965). 
Di-and tri-tyrosine (Anderson, 1970) and catechol (Malek, 1961) have a lso
been implicated as tanning agents. Recent studies indicate th a t  diphenols 
with a betahydroxyl group on the side chain may be important in protein 
tanning (Anderson, 1970; Anderson and B areet, 1971.
The quinone-tanning or sclerotization is well distributed throughout 
the anim al kingdom. The earliest phylogenitie incidence on phenolase 
is suggested in parasitic protozoans during sporogenesis in host cells (iVIonne 
and Hoing, 1954). In cnidaria, the whip corals (Gorgonacea) (Tidball, 
1982) and in solitory hydroids e.g., Pachycerianthus fibriatus and Laomedea 
flexuosa (Knight, 1970), in all classes of platyhelminthes (Buni<e, 1972 
and 1979; Ishida and Teshiroji, 1986 and Smyth and Clegy, 1959) and in 
trem atode m etacercarial cyst (Dixon, 1965 and Campbell, 1960) quinnone 
tanning has been reported. In nematoda the re  is one known case of tanning 
in the cyst of the po ta to  eelworm Globodera rostrochiensis (Awan and 
Hominick, 1982). Mollusca exploit quinone-tanning for byssal threads 
in which both the adhesive pad and thread varnish are tanned (Waite, 
1983a). The periostraca is a protenaceous cuticular layer covering the 
outer su rface  and mollusc shells (Degens ^  aL, 1967 and Waite, 1983b). 
Within mollusc bivalve shells, the insoluble shell matrix serves as a kind 
of tanned grouting for m ineral deposits (Degens 1967; Gordon and
Carrikor, 1980 and Wheeler ^  1988).
The tanning agents of crustaceans have not been identified. However, 
Sumners (1967 and 1968) has demonstrated ^  vitro that a phenol oxidase 
exists in the  plasma and epidermis of the fiddler crab, Uca pugilator,
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during the moulting eycle which can hydroxylate monophenols and oxidize
o-diphenols. Tysosine can be converted to  N-Acetyl dopamine in blood
serum and in carapace preparations to which the  epidermis rem ains attached.
Marmaras and Fragaulis (1971) have outlined the possible pathway of
3.4-dihydroxy phenyl alanine (DOPA) metabolism in the midgut gland of
the decapod crustacean, Upogebia littoralis. In vitro and _rn vivo metabolism 
14of C-DOPA revealed the presence of dopamine, 3-methoxy dopamine
and 3, 4-dihydroxy phenyl a ce t ic  acid. In another study, Mormaras ^
(1971), again using the midgut gland of U. l i t to ralis , presented the  pathway
14for the metabolism of C-Dopamine to noradrenalin, adrenalin, normeta- 
nephrine and metanephrine. Vacca and Finger man, (1975) identified  labelled 
N-acetyldopamine, N-acetyl noradrenalin and their beta-glucoside forms 
by paper chropiatography as metabolites of labelled depamine in the blood 
of the Fiddler crab, Uca pugilator undergoing ecdysis. They also reported 
two proteins which act as carriers in the transport of tanning agents 
into the cuticle.
1.3. Role o f  steroid hormones in moulting and reproduction
a) Ecdysone
The control of moulting by the hormone ecdysone is well documented 
(King and Siddall, 1969; Chang e t  1976a and b; Chang and O'Connor, 
1977 and 1978). Galbraith £ t  (1969) have suggested that c rust  ecdysone 
( = Beta ecdysone and 20 -  hydroxy ecdysone) is the main hormone present 
in the brown fly larvae a t  the  time of puparium formation and the alpha 
ecdysone forms the precursor for it. Ecdysone induces the formation
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of the enzyme DOPA carboxylase needed for the conversion of DOPA 
to dopamine, which is the substrate for the phenol oxidase enzyme (Mills 
^  1967b). Crust-eedysone is also associated  with both cu ticle  shedding 
and cu tic le  hardening in crustaceans (Faux ^  16969) and it stimulates 
moulding in a variety of arthropods (Krishna Kumaran and Schneiderman, 
1968 and 1969). Another hormone Bursicone mediates tanning in the 
cuticle of adult fly and a large number of other insects (Fraenkel and 
Hsia, 1965 and Mills, 1967). It controls the  turnover of tyrosine and 
tyrosine O-phosphate and, the deposition of the postecdysal endocuticle 
(Seligman 1969 and Fogal and Fraenkel, 1969a). In the cockroach,
bursicon initia tes the synthesis of dopamine (White head, 1969).
Experiments in which a hormone is injected into animals and its 
effects  mentioned are procedurally simple. Early a ttem pts  to  determine 
the role of ecdysteroids on the moult cycle were scored as negative. 
The pa ram ete rs  monitored in those experiments were exuviation (Adelung, 
1967 and Lowe ^  ^ . ,  1968) and regeneration (Skinner and Graham, 1970 
and Hopkins ^  1979). But it has also been reported th a t  following 
injections of 2 0 -hydroxy ecdysone, eyestalkless cray fish moulted eurliei- 
than uninjeeted animals, where as unoperated animals did not respond 
(Lowe and Horn, 1967 and Lowe ^  1968). Siu-Ming chan, et 
(1990) investigated the e f f e c t  of 20-hydroxy ecdysone injection and eye- 
stalk ab la tion  on the moulting cycle of the shrimp Penaeus vannamei. 
They found tha t the injection of 20 - hydroxy ecdysone into in tac t  inter-
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moult animals shortened the  duration of the intermoult and the early 
premoult stages and the 2 0  -  hydroxy injection also increased mortality 
and abnormal setal development. Death usually occurred a t  the time 
of ecdysis.
b) Progestrone and Estrogen;
In crustacea, the role of ovary as an endocrine gland is far from 
established. Evidence is accumulating suggesting that the  crustacean 
ovary might play a role in the  biosynthesis of steroid hormones. Estrogen 
was d e tec ted  in ovaries and freshly spawned eggs of Am erican lobster, 
Homarus americanus by Donahue (1940 and 1948). Subsequently, Teshima 
and Kanazawa (1971) have showed that ovaries of Portunus t r i tu b e r  culatus 
possess the  ^nzymes, s tero id  17-alpha-hydroxidase, steroid 2 1-hydroxidase 
and stero id  ^ i 7 ~ ^ 2 0  involved in the conversion of progesterone
to 17 alpha-hydroxy progesterone, testosterone, and deoxycortico sterone.
Only a very few reports  are available on steroid metabolism in 
decapod crustaceans (Teshima and Kanazawa, 1971 and 1979; Bomirski 
and Week, 1976). Kulkarni ^  (1979) observed that injection of proge­
sterone on alternate days into  prawns parapenaeopsis hardwickii caused 
a significant increase in the  ovarian index and oocyte d iam eter  after 
IQ and 20 d a p .  N a p b h u s h a n a m ^  aL, (1982) reported 17-hydroxy progest­
erone to be inducing spawning in the female prawn Parapenaeopsis stylifera 
when in jec ted  at 20°C a t  which the prawn naturally does not spawn.
2 . M A T E R I A L S  A N D  M E T H O D S
2.1. Chemicals
Dopa, Dopamine, Bovine Serum Albumin^Beta Ecdysone^Progesterone, 
2-Mercapto ethanol, T r is -  HCL, Sodium Dodecyal Sulphate were procured 
from Sigma Chemical Company, USA. Adrenalin was procured from 
S.D. fine chemicals. 17 -B e ta  Estradiol was procured from Astra, Idl. 
Ltd. O ther reagents used were of analytical grade and was supplied by 
either BDH or Merck.
2.2. Animals;
Animals required for the experimentation were procured from the 
perennial culture ponds of Edavanakkadu area  of vypeen Island, Ernakulam. 
They were then transported to the laboratory in the live condition and 
allowed to acclimatize. The prawns were fed with fresh clam meal in 
the laboratory  conditions. From these animals, the early prem oult animals 
were se lec ted  and divided into  three groups. The first group of premouit 
animals were used as control while the second and third group were used 
for experim ents with progesterone and 17-Beta estradiol hormones respect­
ively. The remaining animals were allowed to moult and when they entered 
the in te rm oult  stage, were divided into two groups. One group was used 
as control and the other group was used for experiments with Beta ecdysone 
hormone.
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Soft prawns, identified by a rigid rostrum  and soft body and wavy, 
enlarged intestine was collected from a perennial pond a ffec ted  by soft 
prawn syndrome. Normal prawns collected from the same pond were 
used as control.
2.2.1. Haemolymph collection;
The haemolymph was collected by piercing the heart with a number 
twenty six stainless stee l needle and is w ithd raw  into a one ml syringe 
and stored  in a polyethylene vial and syringes were rinsed with 5% tri­
sodium c i t ra te  solution before use. The collected haemolymph was then 
transported to the laboratory in the chilled condition for enzyme and 
protein assay. j
2.2.2. Exoskeleton extract;
The exoskeletons from the prawns were hand peeled and separated 
into five parts  namely. Rostrum, Carapace, Abdomen, Telson and Uropod. 
Each part  is then separately  homogenized with pestle and m orta r  using 
a definite quantity of phosphate buffer (pH 7,0, 0.1M) and then centrifuged. 
The supernatant is preserved for protein and enzyme assay in a deep 
freezer. All operations were carried in cold conditions.
2.3. Enzyme assay
Phenol oxidase ac tiv ity  of the haemolymph and exoskeleton extracts,
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namely Rostrum, Carapace, Abdomen, Telson and Uropod with adrenalin 
as the substra te  was determ ined by the procedure of preston and Taylor, 
(1970) with slight modifications. The reaction was carried out in a volume 
of 3.0 ml with a final concentration of adrenalin as 0.33 mfrt in phosphate 
buffer (pH 7.5, 0.1 M). The enzyme was activated by sodium dodecyl 
sulphate a t  the concentration of mg/ml. The formation of Adreno-chrome 
was m easured spectrophotometrically at 420 nm upto a period of 3 minutes.
A unit of enzyme activ ity  was expressed as the amount of ennyrne 
required to form one OD unit of adrenochrome in three minutes under 
specified conditions.
2.4. Estimation sample protein;
IProtein was estim ated  according to the method of Lowery et 
al., (1951) using the following reagent.
2.4.1. Folin ciocalteu (F.C.) Reagent:
The ready made reag en t  from BDH company was used. The reagent 
was diluted with distilled w ate r  in the ratio  1 : 2  before use.
2.4.2. Alkaline Reagent:
A. 2 96 Nh2  C0 3  in 0.1 N NaoH
B. 0.5% CuSo^, 5 H2 O in 1 % sodium potassium tartarate.
F ifty  ml of solution A were mixed with 1 ml of solution B before
use.
16
2,4.3. Method of protein estimation;
One ml of suitably diluted protein sample was mixed with 5.0 ml of freshly 
prepared alkaline reagent and kept for 10 min. Then, 0.5 ml of F.C. 
reagent was added to it, shaken vigorously and allowed to stand for 30 
min. for development of colour. The intensity  of colour was measured 
speetrophotometrically a t  660 nm and the protein concentration in the 
sample was extrapolated using the standard curve prepared by using bovine 
serum albumin.
l 5 .  Partial purification o f phenol oxidase enzyme;
About 50 ml of haemolymph was co llec ted  from prawns as mentioned 
earlier- Crystalline ammonium sulphate was added with constan t stirring 
to give a 20% saturation. The solution was allowed to stand for about
2 hrs and the precipitated proteins were removed by centrifugation at 
10,000 g for 15 minutes a t  4°C. The prec ip ita te  was dissolved in minimum 
quantity of phosphate buffer, (pH 7.5, 0.1 M) and dialysed against the 
same buffer for 3 hrs.
The procedure was repeated  with the supernatent a t  ammonium 
sulphate concentration 20-40% and 50%. The precipitated proteins at 
these three  steps were analysed for enzym e activity and protein
GoaGentr-atien§.
2.6. Properties of phenol oxidase;
2 .6 . 1 . E f fec t  of time of incubation; The enzyme was incubated with
i n t e r  Vc3(the substra te  adrenalin , the reaction is followed at 30 seconds for 1 0A
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minutes.
2.6.2. Incubation tem perature:
Reaction mixture containing the partia lly  purified enzyme and 
adrenalin was incubated a t  20, 28, 30, 35, 37, 40, 45, 50, 55, 60, 65°C 
for th ree  minutes and assayed for enzyme activ ity .
2.6.3. H eat treatment;
The enzyme was exposed to d ifferen t temperatures viz. 28, 40,
45, 50, 55, 60 and 70°C for 3 minutes. The tubes containing the  reaction 
mixture were cooled im m ediately  in an ice-ba th . The residual enzyme 
activity was measured in each case.
2.6.4. £H:
The enzyme was assayed a t  different pH values ranging from 5.0 
- 10.0 with an interval of 0.5 citra te  phosphate, phosphate and Tris- 
Hcl buffer were used between 5.0 -  6.0, 6.5 -  7.5 and 8.0 -  10.0 
respectively.
2.6.5. Substrate specificity;
Various substrates namely adrenalin , Dopamine, Dopa, Catechol, 
tyrosine and phenol at a final concentration of 0.33 millimolar were used 
to de te rm ine  the substrate  specificity of the enzyme a t  two different 
wave lengths of 420 nm and 475 nm.
Part of the  experim ental  se t  up.
PLATE -  1
PLATE -  2
Various parts  o f  the exoskeleton used Fo»- the extraction o f  the  enzyme.
ROSTRUM CARAPACE
2.6.6. Substrate  concentration;
Using adrenalin as the  substrate lineC  weaver and Bark plots 
were drawn between the inverse of the substra te  concentration and velocity 
of the reac tion  to determine the  km and Vmax of the enzyme.
2.6.7. E ffec t  of metal ions:
The enzyme was incubated with various metal ions in concentrations 
-3 -4of 1 0  K and 1 0  raand then assayed for enzyme activity.
2 .6 .8 . E ffec t  of activators and inhibitors;
E ffec t  of reducing agents, inhibitors and chelating compounds on 
phenol oxidase activity was studied by incubating the enzyme with the
_ oactivators and inhibitors to give a final concentration of 10 . M and 
lO'^M.
2,7. Experimentation;
The prawns that were in the premoult stage was separated  into
three groups as control, progresterone injected and estradiol injected forrstudying the effect of progestrone and 17-Beta estadiol on phenol oxidase 
synthesis. The experiment was done in triplicates, with group one as 
control, groups two and three  were given progesterone and 17-B eta  estradiol 
injections respectively, a t  the ra te  of one microgram per gram of the 
body weight after  dissolving in acetone. The intermoult prawns were 
also segrega ted  into two groups, one control and the other experimental.
PLATE -  3.
Spectrophoto m e te r  ( tC iL  Gi 5 5 ^ o £j used for enzyme assay .
PLATE,- 4
Set up showing dialysis  of the enzym e.

tineThe l a t t e r  group was given ecdysone injections a t  } rate of one microgram
per gram of the body weight. The ecdysone preparation was prepared
by dissolving ecdysone in aqueous ethanol. Injections were given at the
L Pbase of the  fifth peo^od, la terally  on the muscle on the f irs t  and third 
day of the experiment in the  morning and a t  the end of the  third day 
the anim als were sacrificed and the haemolymph collected. Exoskeletal 
ex trac ts  were also prepared as mentioned earlier for use in the enzyme 
and prote in  assay.
3. R E S U L T S
3.1. Partial purification o f phenol oxidase enzym e
Phenol oxidase was partially purified by a procedure involving 
ammonium sulphate fractionation . Almost five fold purification with 
an overall recovery of 52 96 v^as achieved (Table-1). Overnight dialysis 
was found to  result in reduction in enzyme activ ity  indicating the  presence 
of some dialysable co-factors.
3.2. Properties of phenol oxidase of P. indicus
3.2.1. E f fe c t  of time of incubation
The ra te  of adrenochrome formation was observed to be linearaup to period of 3 minutes (Fig. 1).
3.2.2. Incubation tem perature
Optimum tem perature o f  incubation of phenol oxidase was recorded 
at 50°C. Above this tem pera tu re  rapid decline in enzyme activ ity  was 
observea (Fig.2).
3.2.3. H eat treatm ent
The results o, the e f fe c t  of heat t rea tm en t on the activity of 
phenol oxidase are presented in Fig. 3. The enzyme was stable upto 
a tem p era tu re  of 45°C. It lost 60% of i ts  activity on heating at 70°C 
for 1 0  minutes.
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T A B L E -  1
PARTIAL PURIFICATION OF PHENOL OXIDASE OF P. INDICUS
Fraction Volu­me(ml)
TotalUnits(OD)
TotalP rote in(mg)
Speci­ficacti­vity
Yield(%) FoldPurifi­cation
Yield(%) FoldPurifi­cation
Haemolymph 50 2 0 1 . 0 0 3514.10 0.0190 1 0 0 . 0 0 1 . 0 0
0  -  2 0 % 5.42 39.46 132.51 0.0992 19.63 5.22 ) )
4.74 j20 - 40% 4.85 64.60 238.620 0.090 32.14 51,77 4.92
50% 40.56. 77.98 1994.41 0.013 38.80 0.684
a c C iV ic jFig, 1 . E ffec t  o f time of incubation  on phenol ox idase  of 
P. indicus.
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TIME ( Sec )
Fig. 1.
Fig. 2. Incubation tem p era tu re  of phenol ox idase  in _F. indicus.
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F ig .  2.
actiwitij
Fig. 3. Effect, o f  heat t r e a tm e n t  on phenol oxidase^^of indicus.
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Fig. 3.
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3.2.4. E f f e c t  o f  pH;
The optimum pH o f  phenol oxidase was recorded at 8.5 (Fig.4). 
A slight decrease in ac t iv ity  was observed from  pH 5.0 ti l l  6.5 indicating 
the possibility o f  a minor peak below pH 5.0.
3.2.5. Substrate specific ity
Substrate specif ic ity  o f  the enzyme was examined with various 
substrates d iffer ing in their side chain as w e ll as their phenolic group. 
The enzym e showed varying degrees o f a c t iv i ty  towards the bi-phenolic 
substrates d iffer ing in their side chain with the order o f  preference as 
follows:- Adrenalin > Dopamine >  Catechol >  Dopa. Monophenolase activity 
was to ta l ly  absent (Table-2).
3.2.6. Substrate concentration
Line[2 weaver and Burk plot of the enzyme with adrenalin as
the substrate has been presented in Fig. 5 and Table 3. The Km of
the enzym e was calculated to be 0.129 mM and Vmax for the same was 
observed to be 0.870 ^umoles/mg protein/min.
3.2.7. E f f e c t  o f  Metal ions
Various metal ions w ere  examined to study their e f f e c t  on the 
activ ity o f  phenol oxidase (Table 4). Salts o f  magnesium, manganese 
and calcium were observed to  stimulate enzym e activity. Cupric salts 
at both concentrations and iron salt at the high concentration was found 
to be inhibitory.
Fig. 4. E f f e c t  o f  pH on phenol oxidase o f  P . indicus.
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Fig. 4.
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T A B L E  -  2
OXIDATION OF VARIOUS SUBSTRATES BY PHENOL OXIDASE OF
P. INDICUS
Substrate R e la t ive Rela tive
A c t iv i ty Actii/ity
at 420 nm at 475 nm
Epinephrine
(Control)
100 100
Dopamine 46 52
Dopa 27 29
Catechol 32 18
Tyrosine 00 00
Phenol 00 00
Fig. 5.
P. indicus
Line weaver and Burke plot o f  pnenol oxidase in
28
mm
( S
Fig, 5.
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T A B L E  -  3
EFFECT OF SUBSTRATE CONCENTRATION
Substrate concen­
tration (m M ) 1/S V 1/V
2 0.5 0.72 1.40
1 1 0.70 1.43
0.5 2 0.70 1.43
0.33 3.0 0.59 1.69
0.25 4.0 0,63 1.58
0.167 5.99 0.48 2.10
0.083 12.05 0.34 2.97
0.0416 24.04 0.21 4.87
0.0208 48.08 0.099 10.14
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T A B L E -  4 
EFFECT OF METAL IONS ON PHENOL OXIDASE ACTIVITY
Relative A c t iv ity
1 X lO-^M 1 X 10-^M
Contro l 100 100
N a d  97 100
Kcl 95 98
MgSo^ 112 106
MnCl2 113 106
CaCl2 107 101
CuSo^ 87 95
CUCI2 74 88
CuCl 99 92
FeSo^ 53 104
ZnSo^ 98 99
CoSo^ 102 99
3 1
3.2.8. E f f e e t  o f  activators and inhibitors
The results on the e f f e c t  o f  various group specific agent on the 
activ ity o f  phenol oxidase are presented in Tab le  5. Sodium metabisulphite 
and Mercaptoethanol very strongly inhibited the enzyme. Inhibition of 
activ ity was also observed with 1-10-phenanthroline, EDTA and 8-hydroxy 
quinoline. N o  inhibition o f  a c t iv i ty  was observed with cysteine-Hcl.
3.3. Experimentations
c
The haemolymph and exoskeleton extraj;s obtained from the animals 
injected w ith beta ecdysone as well as the control group (intermoult stage) 
was assayed for phenol oxidase activity. The results are expressed as 
specific a c t iv i ty  (OD units/mg protein/min.)
3.3.1. Ecdysone injection studies
4.3.1.1. Haemolymph: A  highly significant increase in the enzym e activity 
was observed (0.0505 ± 0.022) in the haemolymph of ecdysone injected 
animals compared to the intermoult control (0.031336 ± 0.099) group 
(Table 6).
3.3.1.2. Exoskeletoh extracts : A highly significant increase in enzyme 
ac tiv ity  was observed (Tab le  8) in the extracts  of Rostrum (0.14327 ± 
0.08516), carapace (0.16398 ± 0.1461) Telson (0.41324 ± 0.2239), and 
Uropod (0.05366 ± 0.0346) compared to the control group (Table 7). The
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T A B L E -  5
EFFECT OF ACTIVATORS AND INHIBITORS ON PHENOL 
OXIDASE ACTIVITY
Relative A c t iv i t y  
^®^Sent 1 X 10"^M 1 x
Control 100 100
Cysteine -  Hcl 101 93
8-Hydroxy Quinoline 55 94
1
Sodium Metabisulphite 00 00
EDTA 49 41
1, 10-Phenanthroline 41 67
Mercapto Ethanol 00 00
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T A B L E -  6
EFFECT OF ECDYSQNE ON PHENOL OXIDASE ACTIVITY 
IN THE HAEMOLYMPH OF P. INDICUS
Animals Spec if ic  activity 
1 2 3
(Mean)
X t value
Control
(Intermoult) 0.0326 0.0306 0.0307 0.031336
(±0.0099) 3.98**
Ecdysone
injected
0.0501 0.0491 0.0522 0.0505
(±0.022)
i T A B L E  -  7
EFFECT OF ECDYSONE ON PHENOL OXIDASE ACTIVITY IN
EXTRACTS OF EXOSKELETON OF P. INDICUS
Mean specific ac tiv ity
Rostrum Carapace Abdomen Telson Uropod
Control
(Intermoult)
0.0728
(±0.042)
0.09297
(±0,079)
0.08234
(±0.0309)
0.20325
(±0.14886)
0.09492
(±0.07052)
Ecdysone
injected
0.14327
(±0.08156)
0.16398
(±0.1461)
0.06505
(±0.0338)
0.41324
(±0.2239)
0.05366
(±0.0346)
't' values 3.759** 2.09** 1.848NS 3.826** 2.57*
I / .  L t \ / E U
f>T 5 /M .S,\fc,N.r>CPNT
NS - N o t  S iCt N i f i C R n T
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i'he exoskeleton  at the abdominal region was found to be detached and 
hence change in the enzym e ativity was found to be statistica lly  not 
significant in the abdomen (096505 ± 0.0338)
3.3.2. Progestrone injection studies
The haemolymph and the exoskeleton extracts obtained from the 
animals in jected  with progesterone as well as the control group (premoult 
stage) was assayed for phenol oxidase ac t iv ity .  The results are expressed 
as spec if ic  ac tiv ity  (OD Units/mg protein/min.)
3.3.2.1. Haemolymph: No significant change in the enzym e activity 
was observed (0.04788 ± 0.0448) in the haemolymph of progesterone injected 
animals compaj-ed to the premoult control group (Table 8).
3.3.2.2. Exoskeleton extracts ; A highly significant decrease in enzyme
activ ity  was observed in extracts o f  Rostrum (0.06542 ± 0.03861),
carapace (0.05292 ± 0.2929), Telson (0.0512 ± 0.0249) and Uropod (0.06516
± 0.03169) compared to the premoult group exoskeleton (Table 9). The
change in enzyme activity in the Abdomen (0.06462 ± 0.01776) was observed 
Trvot
to be statistically^significant.
3.3.3. Estradiol injection studies:
The haemolymph and the exoskeleton extracts obtained from the
a
animals in jected  with estradio l was assayed for phenoloxid^se activity. 
The results are expressed as specific a c t iv ity  (OD units/mg protein/min).
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Haemolymph; No significant change in the enzym e activity 
was observed  (0.04388 ± 0.0078) in the haemolymph o f the estrodiol injected 
animals compared to the prem oult control group (Table 8).
^•3.3.2. Exoskeleton extrac ts : A highly significant decrease in enzyme 
activ ity  was observed in extracts o f  carapace (0.05783 ± 0.03124) 
Telson (0.07837 ± 0.0439) and Uropod (0.097 ± 0.077) compared to the 
premoult group exoskeleton (Table 9). The change in enzym e activity 
in Rostrum and abdomen was observed to  be statistically not significant.
3.4. Phenoloxidase activity in soft prawns
Phenol oxidase a c t iv i t y  was estim ated in the haemolymph and 
exoskeleton extracts from the soft as well as normal prawns (intermoult 
stage). The results are expressed as specif ic  activ ity  (OD units/mg protein 
min.).
3.4.1. Haemolymph:
A highly significant increase in enzyme ac t iv ity  was observed (0.04131 
± 0.0146, 3.81**) in the haemolymph o f  so ft  prawns compared to the 
normal group (0.02323 ± 0,0083).
3.4.2. Exoskeleton extracts:
A highly significant increse in enzym e activity was observed 
(Table 10) in the extracts o f  Rostrum (0.055 ± 0.0233; 3 .012**), Carapace
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EFFECT OF PROGESTERONE AND ESTRADIOL ON THE PHENOL 
OXIDASE ACTIVITY IN THE HAEMOLYMPH OF P. INDICUS
T A B L E  -  8
1 2 3 —i.X t value
Control
(Premoult)
0.0411 0.0408 0.0428 0,04067
(±0.0078)
1.8437 NS
Progesterone
injected
0.0492 0.0475 0.0470 0.04788
(±0.0448) 1.4438 NS
Kstradiol
in je c te d
0.0438 0.04475 0.0430 0.04388
(±0.0078)
T A B L E - 9
EFFECT OF PROGESTERONE AND ESTRADIOL ON PHENOL OXIDASE
ACTIVITY IN THE EXTRACTS OF EXOSKELETON OF P. INDICUS
Rostrum Carapace Abdomen Telson Uropod
Control
(Preinoult)
0.13357
(±0.04255)
0.08114
(±0.0279)
0.0679
(±0.0394)
0.54385
(±0.12769)
0.56675
(±0.1684)
Progesterone
injected
0.06542
(±0.03861)
0.05292
(±0.02929)
0.06462
(±0.01776)
0.0512
(±0.0249)
0.06516
(±0.03169)
't ' values 5.81** 3.415** 0.3718NS 18.55** 14.34**
Estradiol
injected
0.10896
(±0.0543)
0.05783
(±0.03124)
0.05675
(±0.0833)
0.07837
(±0.0439)
0.097
(±0.077)
't ' values 1.75NS 2.72** 1.125NS 16.891** 12.42**
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(0.021 ± 0.0118, 3.60**), abdomen (0.0276 ± 0.015, 3.98**) and Uropod
V
(0.0112 ± 0.0088; 3.29**) compared to  the control group. A 
significant increase in enzynne activity was observed in the Rostrum of 
soft prawns when compared with exoskeleton extracts from other regions 
from the same group (Tab le  11).
T A B L E  -  10
PHENOL OXIDASE ACTIVITY IN THE EXTRACTS OF EXOSKELETON
OF SOFT PRAWNS
Rostrum Carpace Abdomen Telson Uropod
Control 0.0231 0.00598 0.0069 0.01271 0.00289
(in lertnoult) (±0.029) (±0.0067) (±0.0077) (±0.0189) (±0.0027)
Softprawns 0055
(±0.0233)
0.021
(±0.0118)
0.0276
(±0.015)
0.0264
(±0.0194)
0.0112
(±0.0088)
't' values 3.012** 3.60** 3.98** 1.72NS 3.29**
T A B L E -  11
COMPARISON OF PHENOL OXIDASE ACTIVITY BETWEEN ROSTRUM AND  
OTHER PARTS OF THE EXOSKELETON IN SOFT PRAWNS
' t '  value
Rostrum Vs. Carapace 6.172**
Rostrum Vs. Abdomen 4.67**
Rostrum Vs. Telson 3.643**
Rostrum Vs. Uropod 8.477**
4. D I S C U S S I O N  
Partial purification of phenol oxidase of Penaeus indicus
The enzym e o-Diphenol oxidase catalyses the oxidation o f  o-diphenol 
to an o-quinone which reac t  with a tannable protein to harden and darken 
the exoske le ton  (Pryor, 1940a,b). The enzym e has been reported  in the 
liverfluke Fasc io la  hepatica (Mansour, 1958), insects (Hackman and Goldburg, 
1967; Yam azak i,  1969; Preston  ^  1970; Burnet, 1980 and Kalyani, 
et 1985), in crustaceans (Sumners, 1967; Vacca and Fingerman, 1975;
Nellaiappan ^  1982, Thangaraj ^  1987, and Nellaiappan et al.,
1989 . The  enzyme has been partially purified  and characterised mainly 
from marine mussels. (W a ite  and Wilbur, 1976; Waite, 1985). The enzyme 
has been purified by a procedure involving ultrafiltration followed by 
gel f i l t ra t ion  using sephadex G-100 with an over all recovery  o f  31%. 
The l i te ra tu re  on purification o f  the enzym e from crustaceans is very 
scanty. In this study using ammonium sulphate fractionation the enzyme 
was part ia l ly  purified from the haemolymph o f  the prawn indicus with 
a five fo ld  purification and y ie ld  o f  52%.
4.2. Properties of phenol oxidase
Propert ies  of phenol QKidase from d i f fe ren t  sources vary considerably. 
In the case o f  phenol oxidase from Fasciola the reaction ra te  was linear 
for approx im ate ly  20 minutes. Catechol and Dopa were oxidised at a 
lower rate. The enzyme from  l iv e r - f lu k e  and from mouse melanoma 
oxidised dopamine at a higher rate. The enzym e from mouse melanoma
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also ox id ized  adrenalin at a higher rate where as dopa was oxidised at 
a low er  ra te  (Mansour, 1958). In the present study the reaction was 
linear fo r  approximately 3 minutes. The enzym e clearly p re fe rred  adrenalin 
as the substrate. It did not oxidise tyrosine and phenol indicating the 
absence o f  monophenolase ac t iv ity .  This is in conformation o f  the obser­
vations o f  Nellaiappan ^  (1982). The enzyme had optimum pH at
8.5. This is  ^ contrary to the observations made by Antony and Nair (1968) 
with regard  to the phenol oxidase a c t iv ity  in monoceros which had 
a very  wide pH range. Waite and Wilbur (1976) reported the enzyme 
in b iva lve  Modiolus demissus to have a pH range between 8.0 -  8.5.
In the present study the enzym e was found to have an optimum temperature 
of about 50°C which was in agreement with the study made in affinis 
by Antony and Nair (1975). Mansour (1958) reported the enzyme from 
liver fluke to have lost its activ ity  com plete ly  by boiling fo r  one minute. 
In the present study the enzyme lost 60% o f its ac t iv ity  on exposure 
to heat a t 70°C for 10 minutes. The km and Vmax o f  the enzyme in 
the present study using adrenalin as the substrate was 0.129 mM and 
0.870 jU moles/mg protein/m in. respectively. The literature with regard 
to the kinetics of the enzym e in prawns is very scarce. However Waite 
and Wilbur (1976) reported a low Km and high Vmax for substrate with 
high partit ion  coeffic ients  in 2-octanol : w a ter  such as 4-m ethyl catechol 
aiiU 4’'b u ty l  eateehol in b iva lve  Modiolus demissus Dillwin. The enzyme 
phenol oxidase in the present study was inhibited by copper sulphate. 
However an increase in phenol oxidase a c t iv i ty  was reported in the liver 
fluke when copper sulphate was added to the reaction mixture by Mansour
4 1
(1958). W aite  and Wilbur (1976) observed restoration o f  enzym e activity 
to D ie th y l dithio carbomate inhibited enzym e on the addition o f  equimolar 
amount o f  cupric chloride. In the present study cupric chloride inhibited 
the enzym e. The enzyme phenol oxidase was found to be severe ly  inhibited 
by M ercapto^ethanol and sodium metabisulphite. This shows the enzyme 
to be having a disulphide bridge for its ac t iv ity .  The enzym e was also 
severely  inhibited by m eta l chelators such as ethylene diamine tetra 
acetic  ac id  and 1, 10 phenanthroline. This shows the requirement o f  
certain metals as co fac tors  by the enzyme for  its activ ity . . This is in 
conjunction with the observation of Waite  and Wilbur (1976). Antony 
and Na ir  (1975) reported the inhibitory e f f e c t  o f L-cysteine on phenol 
oxidase a c t iv i ty  of the prawn monoceros. No such inhibition was
observed in the present study.
4.3. Effect of beta ecdysone, prc^esterone and estrogen on phenol oxidase 
activity.
4.3.1. Ecdysone
Butenandt and Karlson (1954) isolated  a pure moulting hormone 
and ga ve  the name ecdysone. About a decade later its chem ica l structure 
was e lucidated (Huber and Hoppe, 1965). Ecdysone (also called alpha- 
ecdysone) and Ecdysterone (also called as beta-ecdysone) was first isolated 
from the pupae of Bombyx mori (Kaplani ^  1966). Tw o  different 
inoulting hormones re fe rred  to as ecdysones have been isolated from 
cpustacea (Nakaneshi ^  1968). Ecdysterone was ex trac ted  from the
Cray fish Jassus lalandi (Hampshire and Horn 1966; Horn ^  1968). 
Injection o f  ecdysterone induces moulting in isopod Arma dillit ion b u l g ^
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c«-
and in depods proambrus species and Euca pugillator. Crustacean also 
react to the insect moulting hormone ecdysone and to phyto-ecdysones 
(Krishnakumaran and Schneiderman, 1968). Injection o f  ecdysone into 
Calliphora erythrocephala larvae, which have been ligated shortly before 
pupation, induces synthesis o f  several enzyme particularly o f  dopadecarboxy- 
lase. Since the blockage o f  DNA-dependent R N A  synthesis prevents this 
e f fec t ,  the hormone appears to control the transcription o f  a specific 
gene coding for the enzyme in question. The R N A  isolated from  ecdysone 
treated insects had about six times higher template activ ity  fo r  the dopa 
decarboxylase than RNA from  controls (Karlson, 1966; Karlson and Sekeris, 
1966 Exposure o f  cells  or nuclei to ecdysone induces the formation
of spec if ic  puffs occurring normally in the course o f the moulting process 
(Berendes, 1967). This cy to log ica l  observation complements the bio-chemical
I
findings that ecdysone stimulates the synthesis o f  specif ic  messenger 
RNAs. The hypothesis that ecdysone acts on the level o f  transcription
CKti
thus rests on , assumption that induction o f  enzym e synthesis or occurrence
of puffs are the primary e f fec ts .  In the present study there was a
highly s ign ificant increase in phenol oxidase activ ity  in the haemolymph
of beta ecdysone injected animals when compared with the control. In
the exoskeleton  the increase in the enzyme ac t iv ity  was highly significant
was
with regard  to rostrum, carapace and telson where as the increase ths 
significant with regard to uropod and non-significant with regards toatriomen. 
At the end o f  the experim ent the exoskeleton o f  the abdomen was found 
to be detached  from the underlying body tissue. This explains the results
obtained in the case of abdomen.
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Lachaise and H o ff-m an  (1977) reported  several ecdysteroids in 
ovaries o f  the crab Carcinus maenas using radioimtnunological assay. In 
O. gam m arella ,  the presence o f  Y-organ is a prerequisite to ensure the 
normal progress of v ite llogenosis (Meusy ^  1977), Estrogen was detected 
in ovaries  and freshly spawned eggs o f  the ameriean lobster Homarus 
americanus by Donahue, (1940, 1948). Teshima and Kanazawa (1971) 
reported enzymes that are involved in c leavage  o f the progesterone side 
chain to  be present in the ovary  o f  Portunus trituberculatus. The crustacean 
ovary thus seems to have the ability to m etabolize  steroids. Ovarictomy 
blocks vitellogenin synthesis in gam m erella  despite the fac t  that in 
such fem a les  Y-organ, the source o f ecdysteroids was in tact and active 
(Junera ^  1977b). Hence experiment were conducted to  know the 
e f fec t  o f  hormones o f  reproduction (progesterone and estrodio l) on the 
enzyme phenol oxidase that hardens the exoskeleton under the influence 
of ecdysterone. In the present study there  was no s ign ificant change 
in the phenol oxidase a c t iv i t y  in the haemolymph o f  the hormones 
(progestrone and estrodiol) injected animal and the premoult control. 
However a highly significant decrease in phenoloxidase a c t iv i ty  was observed 
in the exoskeleton (rostrum, carapace, telson and uropod) o f  progesterone 
injected animals. In the exoskeleton (carapace, telson, and uropod) o f  
estrodiol injected animals there was a highly significant decrease in enzyme 
a c t iv ity ,  though the en zym e  activity per se in the rostrum o f  estrodiol 
m jected  animal was found to be less than that o f the control. Due 
to the e f f e c t  o f  progesterone and estrad io l whose function is towards 
reproduction, the enzym e (phenol oxidase) expressed due to  the moultmg
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hormone g e t  retracted from  the exoskeleton into the haemolymph to be 
subsequently carried to the ta rge t tissue fo r  ge tt ing  metabolised into amino - 
acids.
No significant change in tne enzyme activ ity  was observed in the 
abdomen o f  either the con tro l or hormone treated animals. This may 
be because o f  the already rising levels o f  eedysone which increases synthesis 
of the exoskeleton hardening enzyme phenol oxidase in premoult animals. 
Because o f  the hormones progesterone and estradiol that are injected 
the further increase in the enzym e level is prevented.
A  highly significant increase in phenol oxidase ac tiv ity  was observed 
in the haemolymph o f the so ft  prawns compared to control. The same 
trend could be seen in the exoskeleton o f  the soft prawn. This may 
be because o f  the need o f  the body to produce more phenol oxidase to 
harden the soft exocuticle o f  the soft prawns. But in rea lity  inspite 
of the high enzyme le v e l  the exoskeleton remains soft. This may be 
because o f  the non-availability o f  the substrate by certain inhibition o f 
the substrate producing mechanism. Rao ^  (1987) found the rostrum 
of the s o f t  prawn to be the hardest part o f  the exoskeleton and a factor 
for iden tif ica tion  of the same. The high enzyme level found in rostrum 
compared to  other region at exoskeleton corroborates his view .
nostrum being used in the defense mechanism of the prawns, more 
of the en zym e  as well as the substrate is being pumped into that region 
as a sequence to the body's need to kep the portion hard.
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But o ther parts of exoskeleton are found to be soft. This may be because 
of the inadequate supply or damage of the substrate production mechanism 
in those regions. More studies are needed to  confirm this v iew .
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5. S U M M A R Y
5.1 The enzyme phenoloxidase of P. indieus was partially purified from 
the haemolymph using ammonium sulphate fractionation. A ^ive 
fo ld  purification with an overall recovery  o f 52% was achieved. 
Dialysis was found to result in loss o f  enzyme a c t iv ity  indicating 
the presence o f  dialysible cofactors.
5.2 The rate o f  the reaction  using adrenalin as the substrate was linear 
upto 3 mts.
5.3 The enzyme was found to have an optimum temperature of 50“C. 
and optimum pH o f  8.5.
5.4 The enzyme had high affinity for  the biphenolic substrate 
adrenalin followed by dopamine, ca techo l and dopa.
5.5 Monophenolase a c t iv i ty  was totally absent.
5.6 The enzyme was found to be stable upto 45“C. but lost 60% o f 
its activ ity  when heated to 70°C fo r  10 mts.
5.7 The Km and Vmax o f  the enzyme with adrenalin as the substrate 
was found to 0.129 and 0.870 ^umoles/mg prot /mt. respectively.
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0.8 The enzyme was inhibited by eopper sulphate and Cupric chloride. 
Whereas magnesium, manganese and ealeium were observed to 
stimulate the enzym e activity.
5.9 Mercapto ethanol, sodium metabisulphite, ethylene diamine tetra 
a c e t ic  acid and 1, 10 , phenanthroline severely inhibited the enzyme.
5.10 The hormone betaecdysone has a positive influence on the enzyme 
le v e l  in the haemolymph.
5.11. Betaecdysone increased the enzyme activ ity  in most parts at the 
e x o  skeleton.
5.12 No change in enzym e activity was observed in the haemolymph 
o f  progesterone and estrodiol in jected  animals compared to the 
control group.
5.13 Progesterone and estrodiol significantly decreased the enzyme activity 
in the exoskeleton.
5.14. In soft prawns the phenol oxidase activ ity in haemolymph was 
ve ry  high compared to  the normal prawns.
5.15 Very  high enzym e activ ity was observed in the exoskeleton o f  
s o f t  prawns.
5.16 The rostrum o f  the soft prawns showed a high enzyme activity 
tiian other parts o f  the exoskeleton.
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